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SEMCONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
memory device which rewritably stores data in a plurality of 
memory cells formed at intersections of a plurality of word 
lines and a plurality of bit lines, and particularly relates to a 
semiconductor memory device employing an embedded bit 
line structure which is located below a vertical type transistor 
formed in each memory cell. 
0003 2. Description of the Related Art 
0004 Generally, a memory cell array of a DRAM includes 
a large number of memory cells formed at intersections of bit 
lines and word lines. In recent years, attention is paid to a 
technique using a vertical type transistor as a memory cell 
structure of the DRAM (e.g., see Patent References 1 and 2). 
In order to form a fine memory cell with a design rule Such as 
4F2, it is advantageous for integration and manufacturing to 
configure the memory cell array using vertical type transis 
tors. On the premise of the structure of the vertical type 
transistor, it is general that a capacitor of each memory cell is 
formed over the vertical type transistor and that an embedded 
bit line structure in which a bit line is arranged below the 
Vertical type transistor is employed. 
0005 Patent Reference 1: Laid-open Japanese Patent Pub 
lication No. 2002-94.027 
0006 Patent Reference 2: Japanese Patent No 3745392 
0007. However, if the embedded bit line structure is 
employed, it is difficult to form a bit line arranged in a lower 
layer using metal or silicide having a low resistance. There 
fore, the bit line needs to be formed using polysilicon or a 
diffusion layer, which inevitably causes the resistance thereof 
to increase, and it arises a problem of a decrease in operation 
speed of the DRAM. Meanwhile, the above Patent Reference 
1 discloses a structure in which a lower source? drain electrode 
of the vertical type transistor is withdrawn upward via a 
contact and is connected to a bit line formed using a tungsten 
film. Thereby, a bit line resistance can be suppressed, but a 
complex structure is required for withdrawing the bit line 
upward, and it is undesirable in terms of an increase in the 
number of manufacturing steps and an increase in cost. Fur 
ther, the above Patent Reference 2 discloses a structure in 
which a bit line is formed by doping n+ impurity into a 
polysilicon layer formed on a silicon oxide film. Thereby, a 
bit line capacitance can be reduced relative to a case of form 
ing the bit line using an n+ impurity diffusion layer formed in 
ap type substrate. However, the bit line resistance becomes 
larger than that in a case of using the metal or silicide, and it 
is a problem that the operation speed further decreases. In this 
manner, when the memory cell array is configured by 
employing the vertical type transistor and the embedded bit 
line structure, it is difficult to prevent a decrease in the opera 
tion speed caused by an increase in the bit line resistance 
without deterioration of manufacturing and cost. 

BRIEF SUMMARY OF THE INVENTION 

0008. An object of the present invention is to provide a 
semiconductor memory device in which a hierarchical 
memory cell array is configured, memory cells connected to 
a local bit line can be highly integrated so as to Suppress an 
increase in chip area, and a decrease in operation speed 
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caused by an increase in a bit line resistance can be effectively 
prevented when employing a vertical type transistor and an 
embedded bit line structure. 
0009. An aspect of the present invention is a semiconduc 
tor memory device comprising: a plurality of word lines; a 
plurality of global bit lines intersecting with said plurality of 
word lines; a plurality of local bit lines partitioned into N (N 
is an integer greater than or equal to two) sections along said 
global bit lines and aligned with a same pitch as said plurality 
of global bit lines; N memory cell arrays each of which 
includes a plurality of memory cells each having a vertical 
transistor structure connected to each of said local bit lines at 
a lower portion and each being formed at an intersection of 
the word line and the local bit line, and is arranged corre 
sponding to each of the sections of said local bit lines; a 
plurality of local sense amplifiers for amplifying a signal read 
out from a selected memory cell to said local bit line and for 
outputting the signal to said global bit line; and a plurality of 
global sense amplifiers for coupling the signal transmitted 
from said local sense amplifier corresponding to the selected 
memory cell through said global bit line to an external data 
line. 
0010. According to the semiconductor memory device of 
the present invention, in a hierarchical memory cell array, the 
local bit lines partitioned into N sections along the global bit 
line are arranged, a signal read out from a memory cell formed 
at an intersection of a word line and a local bit line is amplified 
by the local sense amplifier through the local bit line, and the 
signal is further transmitted to the global bit line so as to be 
coupled to the external data line. Thus, even when low resis 
tance material cannot be used for forming the local bit line 
due to structural restriction in order to connect the local bit 
line arranged below the memory cell using a vertical transis 
tor structure, it is possible to suppress the overall bit line 
resistance by shortening the length of the local bit line. 
Thereby, a decrease in operation speed caused by an increase 
in the bit line resistance can be effectively prevented, and an 
increase in chip area can be Suppressed by arranging memory 
cells with higher density. 
0011. In the present invention, each of said memory cells 
may comprise one MOS transistor and one capacitor, said 
MOS transistor may have one source/drain electrode con 
nected to an accumulation electrode of said capacitor, an 
other source/drain electrode directly connected to said local 
bit line having an embedded structure at the lower portion, 
and a gate electrode connected to the word line and formed 
around a channel region between the two source/drain elec 
trodes via a gate oxide film, and said capacitor may have an 
opposite electrode connected to an upper wiring layer, and is 
formed so that said opposite electrode and said accumulation 
electrode are arranged oppositely to each other via a dielectric 
film. 
0012. In the present invention, said local sense amplifiers 
may be single-ended sense amplifiers arranged so that a pitch 
thereof in a word line extending direction is twice the pitch of 
said local bit lines. 
0013. In the present invention, said local sense amplifier 
may include an amplifying MOS transistor for amplifying the 
signal read out to said local bit line and for outputting the 
signal to said global bit line and includes a precharging MOS 
transistor for precharging said local bit line. 
0014. In the present invention, said local sense amplifiers 
may be arranged on both sides of said memory cell array, and 
said local bit lines may be alternately connected to said local 
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sense amplifiers on one side and the other side of said memory 
cell array. In this case, two adjacent said memory cell arrays 
may share said local sense amplifier. 
0015. In the present invention, said local sense amplifier 
may include a Switching circuit for Switching connections to 
said local bit lines of said two adjacent memory cell arrays. In 
this case, said Switching circuit may include a MOS transistor 
having the vertical transistor structure, and said MOS tran 
sistor may connect between the local bit line at a lower por 
tion and a local bit line inside a sense amplifier at an upper 
portion. 
0016. As described above, according to the present inven 

tion, by employing a hierarchical memory cell array, the 
entire semiconductor memory device is configured by arrang 
ing local bit lines partitioned into N sections along the global 
bit line, and the vertical transistor structure connected to a 
lower local bit line is employed in each memory cell to 
achieve a high-density memory cell array. Thereby, even if the 
local bit line cannot be formed using low resistance material 
due to a structural restriction, the bit line resistance can be 
reduced by shortening the length of the local bit line and a 
decrease in operation speed can be prevented when reading a 
signal. Further, memory cells having a small size as 4F2 can 
be achieved using the structure of memory cells and the 
simple single-ended local sense amplifiers, and thus an 
increase in the entire chip area can be Suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The above and other objects and features of the 
invention will appear more fully hereinafter from a consider 
ation of the following description taken in connection with 
the accompanying drawing wherein one example is illus 
trated by way of example, in which: 
0018 FIG. 1 is an entire configuration of a DRAM of a 

first embodiment; 
0019 FIG. 2 is a diagram showing a configuration of a 
memory cell array of FIG. 1; 
0020 FIG. 3 is a diagram explaining a structure of a 
memory cell MC of FIG. 2; 
0021 FIG. 4 is a diagram showing a configuration 
required in read operation in an area including a global bit line 
GBL, a local bit line LBL, a global sense amplifier 11 and a 
local sense amplifier 12, regarding a first specific example of 
the DRAM of the first embodiment; 
0022 FIG. 5 is a diagram showing waveforms in a read 
operation where a high level is read first and Subsequently a 
low level is read out in the circuit configuration of FIG. 4; 
0023 FIG. 6 is a diagram showing a configuration 
required in read operation in an area including a global bit line 
GBL, a local bit line LBL, a global sense amplifier 11 and a 
local sense amplifier 12, regarding a second specific example 
of the DRAM of the first embodiment; 
0024 FIG. 7 is a diagram showing waveforms in a read 
operation where a high level is read first and Subsequently a 
low level is read out in the circuit configuration of FIG. 6; 
0025 FIG. 8 is an entire configuration of a DRAM of a 
second embodiment; 
0026 FIG. 9 is a diagram showing a configuration 
required in read operation in an area including a global bit line 
GBL, a global sense amplifier 11, a shared local sense ampli 
fier 20, and two local bit lines LBL regarding a specific 
example of the DRAM of the second embodiment; 
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0027 FIG. 10 is a diagram showing waveforms in a read 
operation where a high level is read first and Subsequently a 
low level is read out in the circuit configuration of FIG.9; and 
0028 FIG. 11 is a diagram explaining a structure of a 
memory cell MC of the second embodiment and its periphery. 

DETAILED DESCRIPTION OF THE INVENTION 

(0029 Preferred embodiments of the present invention will 
be described with reference to the accompanying drawings. 
In the following, two embodiments having different configu 
rations will be described, in which the present invention is 
applied to a DRAM having a hierarchical memory cell array. 

First Embodiment 

0030. A first embodiment of the present invention will be 
described first. FIG. 1 shows an entire configuration of the 
DRAM of the first embodiment. In FIG. 1, there are shown 
four memory cell arrays 10, a plurality of global sense ampli 
fiers 11, a plurality of local sense amplifiers 12, a plurality of 
global bit lines GBL, and a plurality of local bit lines LBL. 
0031. Each memory cell array 10 includes a large number 
of memory cells formed at all intersections of a plurality of 
word lines and the plurality of local bit lines LBL intersecting 
therewith. As shown in FIG. 1, the plurality of local bit lines 
LBL is regularly aligned with a pitch 2F based on a design 
rule value F in a word line extending direction. Besides, the 
plurality of global bit lines GBL is also aligned with the same 
pitch 2F as the local bit lines LBL. 
0032. The local sense amplifiers 12 are arranged on both 
sides of the memory cell arrays 10, and each local sense 
amplifier 12 amplifies a signal read from a memory cell 
through a predetermined local bit line LBL. As shown in FIG. 
1, one of two local bit lines LBL adjacent in the word line 
extending direction in the memory cell array 10 is connected 
to the left-side local sense amplifier 12, while the other 
thereof is connected to the right-side local sense amplifier 12. 
In this case, since the local bit line LBL are partitioned into 
sections corresponding to the arrangement of the memory cell 
arrays 10, each local sense amplifier 12 depends only on one 
memory cell array 10. Besides, the plurality of the local sense 
amplifiers 12 is aligned with a pitch 4F in the word line 
extending direction. 
0033. On the contrary, the global sense amplifiers 11 are 
arranged at both ends of the four memory cell arrays 10, and 
each global sense amplifier 11 further amplifies data trans 
mitted from the local sense amplifier 12 to the global bit line 
GBL. As shown in FIG. 1, each global bit line GBL is 
arranged extending over all the four memory cell arrays 10. 
Thus, each global bit line GBL is connected to predetermined 
four local sense amplifiers 12 among eight local sense ampli 
fiers 12 arranged in a line in a bit line extending direction. 
Further, one of two global bit lines GBL adjacent in the 
memory cell array 10 is connected to the left-side global sense 
amplifier 11, while the other thereof is connected to the right 
side global sense amplifier 11. Besides, the plurality of global 
sense amplifiers 11 is also aligned with the pitch 4F in the 
word line extending direction. 
0034. When m local bit lines LBL are arranged in one 
memory cell array 10, m/2 local sense amplifiers 12 con 
nected to m/2 local bit lines LBL are arranged on each of both 
sides of the memory cell array 10. In the entire four memory 
cell arrays 10, 4m local sense amplifiers 12 in total are 
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arranged in eight rows, and m global sense amplifiers 11 in 
total are arranged in two rows (at both ends). 
0035. In this manner, since the memory cell array 10 is 
configured hierarchically, an increase in the number of 
memory cells connected to one local bit line LBL can be 
suppressed. When four of the above memory cell arrays 10 
each including the aboven word lines are arranged in parallel, 
data of 4n memory cells can be transmitted selectively 
through the global bit line GBL, but n memory cells con 
nected to the local bit line LBL are only required. As the 
number of memory cells connected to the local bit line LBL is 
reduced, an overall bit line resistance can be suppressed even 
when the local bit line LBL is formed of material having a 
relatively large resistance value. 
0036. A configuration of the memory cell array 10 of FIG. 
1 will be described with reference to FIG. 2. The memory cell 
array 10 shown in FIG. 2 includes a plurality of memory cells 
MC formed at all intersections of n word lines WL (WL1 to 
WLn) and m local bit lines LBL, and each memory cell MC is 
composed of an NMOS transistor N0 and a capacitor C0. 
Since mxn memory cells MC are arranged in one memory cell 
array 10, the memory cell array 10 becomes capable of stor 
ing mxn bit data in total. 
0037. One end (source) of the NMOS transistor NO of each 
memory cell MC is connected to the local bit line LBL, and 
the other end (drain) thereof is connected to an accumulation 
electrode of the capacitor C0. A predetermined fixed potential 
is applied to an opposite electrode of the capacitor C0. This 
fixed potential is set to, for example, an intermediate Voltage 
between a power Supply Voltage and a ground potential. Fur 
ther, a word line WL is connected to a gate electrode of the 
NMOS transistor NO. When one word line WL Selected in the 
memory cell array 10 is driven, m NMOS transistors N0 on 
the word line WL turn on and a minute signal based on 
accumulated charge of the capacitor C0 is read out to each 
local bit line LBL. 

0038. In the first embodiment, it is assumed to employ a 
vertical type transistor NO and an embedded bit line structure 
of the local bit line LBL in order to easily achieve high 
density memory cells MC. In the following, a structure of the 
memory cell MC of the first embodiment will be described 
with reference to FIG. 3. FIG. 3 shows a schematic sectional 
structure of the memory cell MC in the memory cell array 10. 
The capacitor C0 of the memory cell MC is disposed at an 
upper portion, and has an inside opposite electrode 101 and an 
outside accumulation electrode 102, which are opposed to 
each other via a dielectric film 103. The opposite electrode 
101 is connected to a wiring for Supplying the predetermined 
fixed potential which is included in a wiring layer (not shown) 
arranged in an upper portion. 
0039. Meanwhile, at a lower portion of the capacitor C0, 
there are arranged a drain region 108, a channel region 104 
and a source region 105 in the order from an upper side, and 
a gate electrode 106 is formed around the channel region 104 
via a gate oxide film 107, respectively as a vertical transistor 
structure. The drain region 108 is connected to the accumu 
lation electrode 102 of the capacitor C0 and the source region 
105 is directly connected to the local bit line LBL of a lower 
layer. Further, the gate electrode 106 is directly connected to 
the word line WL. The local bit line LBL is formed using 
polysilicon or a diffusion layer and has a relatively high 
resistance. 
0040. The above structure of the memory cell MC is 
repeatedly arranged with a predetermined interval. In addi 
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tion, an inter insulation film (not shown) is filled between 
adjacent memory cells MC. Since the interval of memory 
cells MC is constant, the length of the local bit line LBL is 
determined depending on the number of connected memory 
cells MC. Accordingly, an overall resistance value of the local 
bit line LBL changes approximately in proportion to the 
number of connected memory cells MC, and therefore it is 
desirable to reduce the number of memory cells MC as much 
as possible so as to decrease the resistance value. 
0041. Next, a first specific example ofread operation in the 
DRAM of the first embodiment will be described with refer 
ence to FIGS. 4 and 5. FIG. 4 shows a configuration required 
in the read operation in the configuration of FIG. 1, corre 
sponding to an area including one global bit line GBL, one 
local bit line LBL, one single-ended global sense amplifier 11 
and one single-ended local sense amplifier 12. 
0042. The local sense amplifier 12 includes an amplifying 
NMOS transistor N1 and a precharging NMOS transistor N2. 
The amplifying NMOS transistor N1 is connected between 
the global bit line GBL and ground, and the gate thereof is 
connected to one end of the local bit line LBL. The plurality 
of memory cells MC each composed of the NMOS transistor 
N0 and the capacitor C0 is connected to the local bit line LBL, 
like in FIG. 2. The precharging NMOS transistor N2 is con 
nected between the local bit line LBL and ground, and the 
gate thereof is connected to a precharge signal line PCL. Note 
that the local sense amplifier 12 actually includes a write 
circuit (not shown) required for write operation. 
0043 Meanwhile, the global sense amplifier 11 includes a 
precharging PMOS transistor P1. The precharging PMOS 
transistor P1 is connected between a power Supply Voltage 
VDL and the global bit line GBL, and the gate thereof is 
connected to a precharge signal line/PCG. The symbol/at 
tached to each signal name means negative logic. Note that 
the global sense amplifier 11 actually includes an input/out 
put circuit (not shown) connected to input/output lines. 
0044. In a precharge operation, the precharge signal line 
PCL of the local sense amplifier 12 is controlled to be high, 
and the precharge signal line/PCG of the global sense ampli 
fier 11 is controlled to below. Thus, the local bit line LBL is 
precharged to a ground potential VSS, and the global bit line 
GBL is precharged to the power supply voltage VDL. On the 
other hand, in the read operation for the memory cell MC, the 
precharge signal line PCL is controlled to be low and the 
precharge signal line/PCG is controlled to be high. 
0045. In this state, when the selected word line WL is 
driven, a signal read from an arbitrary memory cell MC is 
input to the gate of the amplifying NMOS transistor N1 
through the local bit line LBL. When a high level is read out 
to the local bit line LBL, the global bit line GBL goes low, 
while when a low level is read out to the local bit line LBL, the 
global bit line GBL goes high, respectively by the operation 
of the amplifying NMOS transistor N1. 
0046 FIG. 5 shows waveforms in a read operation where 
a high level is read out from a selected memory cell MC first 
and subsequently a low level is read out from the selected 
memory cell MC in the configuration of FIG. 4. Four terms 
(T1 to T4) into which one read operation is divided are shown 
in the upper side of FIG. 5. Before a precharge cancel period 
T1 in the first half of FIG. 5, the precharge signal line PCL is 
controlled to be high and the precharge signal line/PCG is 
controlled to be low. Thus, the local bit line LBL is pre 
charged to low and the global bit line GBL is precharged to 
high. Then, during the precharge cancel period T1, the pre 
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charge signal line PCL changes from high to low in order to 
cancel the precharge state of the local bit line LBL, and the 
precharge signal line/PCG changes from low to high in order 
to cancel the precharge state of the global bit line GBL. 
0047. During a cell selecting period T2, the word line WL 
selected corresponding to the target memory cell MC rises 
from a negative voltage VKK to a positive voltage VPA. The 
negative voltage VKK is set to a value lower than “low level 
(ground potential VSS), and the positive voltage VPA is set to 
a value higher than “high level (power supply voltage VDL). 
As a result, a signal of high level stored in a memory cell MC 
at an intersection of the word line WL and the local bit line 
LBL is read out and input to the local sense amplifier 12, 
thereby increasing the local bit line LBL to a voltage Vx. At 
this point, the voltage Vx of the local bit line LBL is set to a 
value higher than at least a threshold Voltage range RVn (rep 
resented by hatching in FIG. 5) of the amplifying NMOS 
transistor N1. The threshold voltage range RVn is distributed 
within a predetermined Voltage range depending on tempera 
ture or process fluctuation. 
0048 Subsequently, during a sensing period T3, the level 
of the global bit line GBL falls from high to low via the 
amplifying NMOS transistor N1 which has turned on. Mean 
while, the low level of the global bit line GBL is inverted by 
the write circuit (not shown) of the local sense amplifier 12 so 
as to increase the potential of the local bit line LBL, which 
gradually changes from the above voltage Vx to the level of 
the power Supply Voltage VDL. During a read period T4, in a 
state where the local bit line LBL remains high and the global 
bit line GBL remains low, the low level is read out to the 
input/output lines through the input/output circuit (not 
shown) of the global sense amplifier 11. Thereby, one read 
operation of the DRAM is completed. 
0049. Next, in the second half of FIG. 5, waveforms in the 
read operation are shown in the same manner, in which data of 
low level stored in the memory cell MC is read out. The 
waveforms during the precharge cancel period T1 is the same 
as in the first half of FIG. 5. Meanwhile, after the selected 
word line WL rises from the negative voltage VKK to the 
positive voltage VPA during the cell selecting period T2, the 
signal of low level stored in the memory cell MC is read out, 
and thus the local bit line LBL continues to remain low. 
During the sensing period T3, the global bit line GBL remains 
high by inverting the low level of the local bit line LBL. Thus, 
in a state where the local bit line LBL remains low and the 
global bit line GBL remains high during the read period T4. 
the high level is read out to the input/output lines in the above 
described manner. 
0050. Next, a second specific example of read operation in 
the DRAM of the first embodiment will be described with 
reference to FIGS. 6 and 7. FIG. 6 shows an example in which 
the configuration of the local sense amplifier 12 and the global 
sense amplifier 11 is modified in the same area as shown in 
FIG. 4. Besides, one local bit line LBL, the plurality of 
memory cells MC connected thereto, and one global bit line 
GBL are arranged in the same manner as FIG. 4. 
0051. The local sense amplifier 12 includes an amplifying 
PMOS transistor P11 and a precharging PMOS transistor 
P12. The amplifying PMOS transistor P11 is connected 
between the power supply voltage VDL and the global bit line 
GBL, and the gate thereof is connected to one end of the local 
bit line LBL. The precharging PMOS transistor P12 is con 
nected between the power supply voltage VDL and the local 
bit line LBL, and the gate thereof is connected to a precharge 
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signal line/PCL. In this manner, the local sense amplifier 12 
of FIG. 6 is configured by replacing the two NMOS transis 
tors N1 and N2 of the local sense amplifier 12 of FIG. 4 with 
the two PMOS transistors P11 and P12. 
0.052 Meanwhile, the global sense amplifier 11 includes a 
precharging NMOS transistor N11. The precharging NMOS 
transistor N11 is connected between the global bit line GBL 
and ground, and the gate thereof is connected to a precharge 
signal line PCG. In this manner, the global sense amplifier 11 
of FIG. 6 is configured by replacing the precharging PMOS 
transistor P1 of FIG. 4 with the precharging NMOS transistor 
N11. 
0053. In the precharge operation, the precharge signal 
line/PCL of the local sense amplifier 12 is controlled to be 
low, and the precharge signal line PCG of the global sense 
amplifier 11 is controlled to be high. Thus, the local bit line 
LBL is precharged to the power supply voltage VDL, and the 
global bit line GBL is precharged to the ground potential 
VSS. On the other hand, in the read operation for the memory 
cell MC, the precharge signal line/PCL is controlled to be 
high and the precharge signal line PCG is controlled to below. 
0054. In this state, when the selected word line WL is 
driven, a signal read from an arbitrary memory cell MC is 
input to the gate of the amplifying PMOS transistor P11 
through the local bit line LBL. When a high level is read out 
to the local bit line LBL, the global bit line GBL goes low, 
while when a low level is read out to the local bit line LBL, the 
global bit line GBL goes high, respectively by the operation 
of the amplifying PMOS transistor P11. 
0055 FIG. 7 shows waveforms in a read operation where 
a high level is read out from a selected memory cell MC first 
and subsequently a low level is read out from the selected 
memory cell MC in the configuration of FIG. 6. The four 
terms (T1 to T4) shown in the upper side of FIG. 7 have the 
same meanings as FIG. 5. Most of the waveforms are com 
mon to those in FIG. 5, and thus only different points will be 
mainly described below. Before the precharge cancel period 
T1 in the first half of FIG. 7, the precharge signal line/PCL is 
controlled to be low and the precharge signal line PCG is 
controlled to be high. Thus, the local bit line LBL is pre 
charged to high and the global bit line GBL is precharged to 
low. In this manner, polarities in FIG. 7 are opposite to those 
in FIG.5. Therefore, when canceling the respective precharge 
states during the precharge cancel period T1, the precharge 
signal line/PCL changes from low to high and the precharge 
signal line PCG changes from high to low. 
0056. During the cell selecting period T2, the word line 
WL changes in the same manner as in FIG. 5. As a result, a 
signal of high level stored in the memory cell MC is read out, 
and thus the local bit line LBL continues to remain high. Note 
that a threshold Voltage range RVp (represented by hatching in 
FIG. 7) of the amplifying PMOS transistor P11 is distributed 
within a voltage range higher than that of the threshold volt 
age range RVn of FIG. 5. Meanwhile, the global bit line GBL 
remains low by inverting the high level of the local bit line 
LBL during the sensing period T3. Thus, in a state where the 
local bit line LBL remains high and the global bit line GBL 
remains low during the read period T4, the low level is read 
out to the input/output lines via the above input/output circuit 
(not shown). 
0057 Next, in the second half of FIG. 7, waveforms in the 
read operation are shown in the same manner, in which data of 
low level in the memory cell MC is read out. The waveforms 
during the precharge cancel period T1 is the same as in the 
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first half of FIG. 7. Meanwhile, after the selected word line 
WL rises from the negative voltage VKK to the positive 
voltage VPA during the cell selecting period T2, the signal of 
low level stored in the memory cell MC is read out and input 
to the local sense amplifier 12, thereby decreasing the local bit 
line LBL to a voltage Vy from the power supply voltage VDL. 
At this point, the voltage Vy of the local bit line LBL is set to 
a value lower than at least the above threshold Voltage range 
Rvp of the amplifying PMOS transistor P11. 
0058 Subsequently, the global bit line GBL rises from low 

to high via the amplifying PMOS transistor P11 which has 
turned on during the sensing period T3. Meanwhile, the high 
level of the global bit line GBL is inverted by the write circuit 
(not shown) of the local sense amplifier 12 So as to decrease 
the potential of the local bit line LBL, which gradually 
changes from the above Voltage Vy to the ground potential 
VSS. During the read period T4, in a state where the local bit 
line LBL remains low and the global bit line GBL remains 
high, the high level is read out to the input/output lines via the 
above input/output circuit (not shown). 
0059 By employing the configuration of the first embodi 
ment, it is possible to prevent a decrease in operation speed 
caused by an increase in the bit line resistance when a signal 
read from the memory cell MC is transmitted through the 
local bit lines LBL. Generally, the polysilicon or the diffusion 
layer used in the embedded bit line structure has a larger 
resistance than that of metal or silicide, however the first 
embodiment requires a small number of memory cells MC 
connected to the local bit line LBL, and correspondingly the 
bit line resistance can be suppressed. Further, since the ver 
tical transistor structure is employed for each memory cell 
MC, it is suitable for arranging the memory cells MC with 
higher density. Furthermore, since the single-ended local 
sense amplifier 12 is employed, the circuit Scale can be small 
so that an increase in the entire chip area can be prevented. 

Second Embodiment 

0060 A second embodiment of the present invention will 
be described. The DRAM of the second embodiment differs 
from the entire configuration of DRAM of the first embodi 
ment in that adjacent memory cell arrays 10 share a local 
sense amplifier 20. FIG.8 shows an entire configuration of the 
DRAM of the second embodiment. In FIG. 8, there are shown 
four memory cell arrays 10, a plurality of global sense ampli 
fiers 11, a plurality of shared local sense amplifiers 20, a 
plurality of non-shared local sense amplifiers 21, a plurality 
of global bit lines GBL, and a plurality of local bit lines LBL. 
0061. In FIG. 8, configurations of the four memory cell 
arrays 10 and the plurality of global sense amplifiers 11 are 
common to those of FIG.1. Meanwhile, in an area including 
two adjacent global bit lines GBL, three shared local sense 
amplifiers 20 are arranged between memory cell arrays 10, 
and two non-shared local sense amplifiers 21 are arranged at 
both ends of the four memory cell arrays 10. Two local bit 
lines LBL included in memory cell arrays 10 on both sides are 
connected to each local sense amplifier 20, and a signal read 
out from selected one local bit line LBL is amplified by the 
local sense amplifier 20. 
0062 Next, a specific example of read operation in the 
DRAM of the second embodiment will be described with 
reference to FIGS. 9 and 10. FIG. 9 shows a configuration 
required in the read operation in the configuration of FIG. 8, 
corresponding to an area including one global bit line GBL. 
one single-ended global sense amplifier 11, one single-ended 
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shared local sense amplifier 20, and two local bit lines LBL on 
both sides of the local sense amplifier 20. 
0063. The local sense amplifier 20 includes NMOS tran 
sistors N10 and N12 as switching circuits, in addition to an 
amplifying NMOS transistor N1 and a precharging NMOS 
transistor N2 which are the same as in FIG. 2. The NMOS 
transistor N10 is connected between one local bit line LBL 
and the gate of the amplifying NMOS transistor N1, and has 
a gate connected to a switching signal line SHL. The NMOS 
transistor N12 is connected between the other local bit line 
LBL and the gate of the amplifying NMOS transistor N1, and 
has a gate connected to a Switching signal line SHR. 
0064. In the local sense amplifier 20, an area of the local bit 
line LBL, which is sandwiched between the two NMOS tran 
sistors N10 and N12, is represented by a local bit line LBLS 
inside a sense amplifier. This local bit line LBLS inside a sense 
amplifier has a different structure from that of the two local bit 
lines LBL on the both sides, which will be described later in 
detail. By the configuration of FIG. 9, the local bit line LBLS 
inside a sense amplifier can be selectively connected to either 
of the local bit lines LBL via one of the NMOS transistors 
N10 and N12 on the both sides, which is controlled to be in an 
ON state. In read and write operations, one of the switching 
signal lines SHR and SHL is controlled to be high and the 
other thereof is controlled to be low, corresponding to a 
selected memory cell array 10. 
0065. In addition, since the plurality of local bit lines LBL 
is alternately connected to the left side and the right side local 
sense amplifiers 20, the switching signal lines SHR and SHL 
are independently controlled for different local sense ampli 
fiers 20. Further, each of the two local sense amplifiers 21 at 
both ends in FIG. 8 is configured to include either of the two 
NMOS transistors N10 and N12 in the configuration of FIG. 
9. That is, one local sense amplifier 21 includes the NMOS 
transistor N10 whose gate is connected to the Switching sig 
nal line SHL, and the other local sense amplifier 21 includes 
the NMOS transistor N12 whose gate is connected to the 
switching signal line SHR. 
0.066 FIG. 10 shows waveforms in a read operation where 
a high level is read out from a selected memory cell MC first 
and subsequently a low level is read out from the selected 
memory cell MC in the configuration of FIG. 9. Note that a 
case where the left side memory cell array 10 is selected is 
assumed. Four terms (T1 to T4) in the upper side of FIG. 10 
have the same meanings as in FIG. 5. Most of the waveforms 
in FIG. 10 are common to those in FIG. 5, and thus only 
different points will be mainly described below. During the 
precharge cancel period T1 in the first half of FIG. 10, one 
Switching signal line SHR changes from high to low and the 
other Switching signal line SHL remains in a high state. Note 
that the switching signal lines SHL and SHR are controlled to 
be the positive voltage VPA and the ground potential VSS. 
0067. Thereby, the local sense amplifier 20 on the right 
side of the selected memory cell array 10 becomes in a state 
where the left side transistor N10 is ON and the right side 
transistor N12 is OFF. Thus, thereafter, the amplifying 
NMOS transistor N1 is connected to the left side local bit line 
LBL through the local bit line LBLS inside a sense amplifier. 
Also during the precharge cancel period T1 in the second half 
of FIG. 10, the waveforms changes in the same manner as in 
the first half. Besides, when the right side memory cell array 
10 of FIG.9 is selected, the waveforms of the switching signal 
lines SHL and SHR are replaced with each other in FIG. 10. 
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0068. In the following, a structure of the memory cell MC 
of the second embodiment and its periphery will be described 
with reference to FIG.11. FIG. 11 shows a sectional structure 
of an area including a memory cell array region and a sense 
amplifier region which are shown in FIG.9. Among these, the 
sectional structure of the memory cell MC in the memory cell 
array region is the same as in FIG. 3, so description thereof is 
omitted. Meanwhile, the NMOS transistor N10 of the local 
sense amplifier 12 is formed in a vicinity of a boundary 
between the memory cell array region and the sense amplifier 
region. This NMOS transistor N10 has the vertical transistor 
structure in the same manner as the NMOS transistor NO of 
the memory cell MC. 
0069. Thus, there are arranged a source region 105 directly 
connected to the lower local bit line LBL, a channel region 
104 around which a gate electrode 106 is formed via a gate 
oxide film 107, and a drain region 108, in the order from a 
lower layer. The drain region 108 is connected to one end of 
the local bit line LBLS inside a sense amplifier arranged in an 
upper portion via a contact 109. At the other end of the local 
bit line LBLS inside a sense amplifier, there are formed the 
NMOS transistor N12 having the same transistor structure, 
and the source region 105 thereof is directly connected to the 
other local bit line LBL. Note that other MOS transistors in 
the sense amplifier region are formed with a normal plane 
Structure. 

0070. In the second embodiment, the NMOS transistors 
N10 and N12 as switching circuits of the local sense amplifier 
20 can be formed with the vertical transistor structure in the 
same manner as the NMOS transistor NO of the memory cell 
MC. In this case, a signal path of the local bit line LBL is lifted 
from a lower layer to an upper layer and connected to the local 
bit line LBLS inside a sense amplifier, by the vertical transis 
tor structure of the NMOS transistors N10 and N12 and the 
contact 109. Thus, the vertical transistor structure can be 
employed for the two NMOS transistors N10 and N12 in the 
local sense amplifier 20, thereby reducing a corresponding 
area. As described above, in consideration of the effect that 
the number of the shared local sense amplifiers 20 can be 
Small, the entire area of the semiconductor memory device 
can be sufficiently reduced. In addition, the effect of the 
second embodiment to prevent a reduction in the operation 
speed caused by an increase in the bit line resistance of each 
local bit line LBL is the same as the first embodiment. 

0071. As described above, the present invention has been 
specifically described based on the two embodiments. How 
ever, the present invention is not limited to the above 
described embodiments, and can be variously modified with 
out departing the essentials of the present invention. For 
example, an example has been shown in which the local bit 
lines LBL are partitioned into four sections in the bit line 
extending direction in the hierarchical memory cell array 10, 
however the number of sections is not limited to four and can 
be set freely. In this case, if N (N is an integer greater than or 
equal to two) local bit lines LBL partitioned along one global 
bit line GBL are arranged and the number N is set to a larger 
number, the number of memory cells MC connected to one 
local bit line LBL can be reduced. Particularly, if the number 
of memory cells MC in total becomes large in a large capacity 
DRAM, it is desirable to reduce the number of memory cells 
MC by partitioning the local bit lines LBL into small sections 
as much as possible so as to reduce the bit line resistance. 
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0072 The present invention is not limited to the above 
described embodiments, and various variations and modifi 
cations may be possible without departing from the scope of 
the present invention. 
0073. This application is based on the Japanese Patent 
application No. 2007-139735 filed on May 25, 2007, entire 
content of which is expressly incorporated by reference 
herein. 

What is claimed is: 

1. A semiconductor memory device comprising: 
a plurality of word lines: 
a plurality of global bit lines intersecting with said plurality 

of word lines; 
a plurality of local bit lines partitioned into N (N is an 

integer greater than or equal to two) sections along said 
global bit lines and aligned with a same pitch as said 
plurality of global bit lines: 

N memory cell arrays each of which includes a plurality of 
memory cells each having a vertical transistor structure 
connected to each of said local bit lines at a lower portion 
and each being formed at an intersection of the word line 
and the local bit line, and is arranged corresponding to 
each of the sections of said local bit lines; 

a plurality of local sense amplifiers for amplifying a signal 
read out from a selected memory cell to said local bit line 
and for outputting the signal to said global bit line; and 

a plurality of global sense amplifiers for coupling the signal 
transmitted from said local sense amplifier correspond 
ing to the selected memory cell through said global bit 
line to an external data line. 

2. The semiconductor memory device according to claim 1, 
wherein each of said memory cells comprises one MOS 

transistor and one capacitor, 
said MOS transistor has one source? drain electrode con 

nected to an accumulation electrode of said capacitor, an 
other source/drain electrode directly connected to said 
local bit line having an embedded structure at the lower 
portion, and a gate electrode connected to the word line 
and formed around a channel region between the two 
Source? drain electrodes via a gate oxide film, 

and said capacitor has an opposite electrode connected to 
an upper wiring layer, and is formed so that said opposite 
electrode and said accumulation electrode are arranged 
oppositely to each other via a dielectric film. 

3. The semiconductor memory device according to claim 1, 
wherein said local sense amplifiers are single-ended sense 
amplifiers arranged so that a pitch thereof in a word line 
extending direction is twice the pitch of said local bit lines. 

4. The semiconductor memory device according to claim3, 
wherein said local sense amplifier includes an amplifying 
MOS transistor for amplifying the signal read out to said local 
bit line and for outputting the signal to said global bit line and 
includes a precharging MOS transistor for precharging said 
local bit line. 

5. The semiconductor memory device according to claim 4. 
wherein said local sense amplifiers are arranged on both sides 
of said memory cell array, and said local bit lines are alter 
nately connected to said local sense amplifiers on one side and 
the other side of said memory cell array. 
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6. The semiconductor memory device according to claim 5. 
whereintwo adjacent said memory cell arrays share said local 
sense amplifier. 

7. The semiconductor memory device according to claim 6. 
wherein said local sense amplifier includes a Switching circuit 
for Switching connections to said local bit lines of said two 
adjacent memory cell arrays. 
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8. The semiconductor memory device according to claim 7. 
wherein said switching circuit includes a MOS transistor 
having the vertical transistor structure, and said MOS tran 
sistor connects between the local bit line at a lower portion 
and a local bit line inside a sense amplifier at an upper portion. 

c c c c c 


